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SECTION I 


INTRODUCTION 


1 • 1 PURPOSE 

The purpose of Contract NAS10-7803, "Study to Develop Improved 
Methods to Detect Leakage in Fluid Systems - Phase III," was 
to design and fabricate a prototype flight weight ultrasonic con- 
tact sensor leak detection system and to perform the necessary 
testing to col lect enough data to establish design parameters 
and develop necessary baseline operating characteristics. De- 
velopment of this flight weight detector was accomplished as a 
follow-on contract to the Dynamatec Corporat ion ' s Phase II 
study which developed an engineering prototype ultrasonic con- 
tact sensor leak detection system and demonstrated its potential 
under cryogenic conditions. 

1.2 SCOPE 

The Dynamatec Corporation's contracted statement of work speci- 
fied that the corporation would: 

a) design and fabricate flight weight ultrasonic contact 
sensors 

b) design and fabricate a flight weight supporting electronic 
package 

c) perform an in depth engineering evaluation test program 

The flight weight ultrasonic contact sensor system would consist 
\ of a minimum of five channels and would be capable of monitoring 

" . frequencies from 1 KHz to 110 KHz. 
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SECTION II 


2.1 BACKGROUND 


The complete background data leading up to "Study to Develop Im- 
proved Methods to Detect Leakage in Fluid Systems - Phase III" 
can be obtained by reviewing the final reports of the two previous 
contracts. The first contract titled "Study to Develop Improved 
Methods to Detect Leakage in Fluid Systems" was a general leak 
detection requirement study and was documented in the final report 
under NASA PR No. 1088. The Phase II study was a prototype hard- 
ware development contract and the results were documented in NASA 
PR No. 1130. The Phase III study which is documented in this re- 
port was a contract to develop a lightweight unit and to demon- 
strate that this lightweight unit could be made suitable for 
f 1 ight appl ication. 

"Study to Develop Improved Methods to Detect Leakage in Fluid 
Systems" - the first contract that the Dynamatec Corporation per- 
formed for NASA, Kennedy Space Center, was an engineering study 
to review existing leak detection systems at all NASA centers, 
at other government and industrial locations and any additional 
applications of leak detection techniques that could possibly be 
used for future space programs. A review of all vendor data was 
accomplished and the latest state-of-the-art studies being per- 
formed at various universities were also reviewed. A number of 
foreign studies deal ing with leak detection techniques were also 
reviewed and numerous discussions were held with prominent people 
in the leak detection field to determine what other possible means 
could be utilized for leak detection on future flight systems. 

Simultaneous with the review of all state-of-the-art and leak de- 
tection systems in research and development, the Dynamatec Corpora- 
tion contacted key NASA and potential contractor Space Shuttle 
people to determine the requirements for a leak detection system 
on the Space Shuttle and other future flight systems. This study 
covered a review of the requirements for a ground system and for 
the flight hardware. For use on the ground support systems, four 
basic systems were identified. These were a hazardous gas de- 
tection system which will be mandatory as long as hydrogen or 
hypergols are in use. The second was an enclosed system where 
the hazardous GSE Is enclosed in a nitrogen purged room which is 
remotely vented. The third system was ultrasonic contact sensors 
for use on critical GSE such as quick disconnects and mission 
essential equipment. The fourth was the standard mass spectrometer 
which is now being utilized and wi 1 1 be required for leak detection 
systems which are in the 0 leakage rate due to the hazardous 
nature of the gases. 
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For the flight vehicle, two basic leak detection systems appeared 
to meet the requirements identified earlier. The first was the 
use of the onboard mass spectrometer which could be used for life 
support purposes, hazardous gas detection in pressurized areas 
of the vehicle and for leak detection during ground operation. A 
mass spectrometer which could be modified to meet this requirement 
is being developed under NASA contract by the Perkin-Elmer Corpor- 
ation. The second recommendation was that ultrasonic contact 
sensors be used for both ground checkout and flight operational 
monitoring. The advantages of this system are that it will work 
in vacuum conditions, it can detect internal leaks without breaking 
into the system, it is extremely lightweight and can be automated 
to eliminate much of the time required with manual detection systems. 
In addition to leak detection, i t seems promising as a refurbish- 
ment information tool since it could identify progressively in-, 
creasing leaks across valve seats, seals and other internal hard- 
ware and provide trend data or failure prediction data as to when 
a component should be changed out. 

Following the completion of the first contract, it was determined 
by NASA that further investigation into the applications of ultra- 
sonic contact sensors should be accomplished. The Dynamatec Corpor- 
ation was awarded a hardware development contract for engineering 
prototype contact sensors and supporting electronics. Five channels 
of ultrasonic leak detection sensors and electronics were developed 
during this contract. Since little was documented about leak de- 
tection in other ranges than the standard kO KHz range selected by 
the ultrasonic microphone type of leak detector , i t was decided to 
investigate all ranges from 0 to 110 KHz. Five channels of elec- 
tronics and sensors were manufactured with each channel having a 
set frequency and individual steps from 0 to 110 KHz. The hardware 
developed consisted of ultrasonic contact sensors developed and 
manufactured by the Dynamatec Corporation specifically for leak de- 
tection, sensitive preamplifiers to amplify the transducer signals, 
a translation assembly to put out audible sounds, an oscilloscope 
so that each signal could be analyzed and a digital voltmeter to 
provide signal levels. The electronics package was capable of 
putting out analog or digital signals capable of interfacing with 
a computer or with recording instrumentation. 

This prototype ultrasonic contact sensor leak detection system was 
tested at the KSC cryogenic facility under cryogenic conditions. 

The five transducers were located on various bare uninsulated liquid 
hydrogen lines associated with the transfer operation. The system 
was also tested in the Dynamatec laboratory on valve. seat leakage 
and external leakage through tanks and fittings. It was during this 
contract that the basic transducer development was accomplished and 
where the system was proven to be an effective leak detection instru- 
ment. In addition to detecting leaks in gaseous or cryogenic systems 
the leak detection system also proved to be an effective tool for 
monitoring phase changes. While mounted on a liquid nitrogen line, 



the transducer provided signals which could be easily interpreted 
to identify gas flow, start of liquid flow, boiling of the cryo- 
genic material , cool down and solid liquid flow. It appears 
that this application can find usage as a cool down or tanking 
tool. 



SECTION. HI 
PHASE III 

SYSTEM DESCRIPTION 


3.1 OVERALL SYSTEM 


The top picture on page 5a shows the control unit, the cable between 
the control unit and the preamplifier unit, the preampl i f ier unit 
and the transducer and cable feeding out of the preamplifier unit. 
The size of the equipment is illustrated by the engineering scale 
in the foreground. The control box is powered by the AC cord that 
Is shown or by a battery pack that plugs into the same receptacle 
as the AC cord. 

3 . 2 FRONT PANEL 

The front panel of the control unit and the preamplifier unit is 
Illustrated in the middle picture on page 5a* The preamplifier 
unit Is shown setting on top of the control unit and Is cabled and 
In operating posl tlon. On the extreme left of the picture is the 
interfacing cable between the control unit and the ampl i f ier unit. 
This interface cable carries power to the amplifiers and returns 
the amplified transducer signal to the control unit. The 5 con- 
nectors immediately to the right of the interfacing cable are the 
inputs to the preampl if iers from 5 transducers. One transducer 
and cable are shown attached to the amplifier unit. The size of 
the preamp] i fying unit is 2.5 cm by 5 cm by 15 cm and it contains 
1 PC card containing 5 preamplifiers. Immediately below the pre- 
amplifying unit is the control unit. The large numbers on the 
face of the control unit from 1 through 5 are the basic channels 
and correspond to the 1 through 5 numbers on the preampl if ier uni t. 
Two controls are associated with each channel . The controls 
letters from A through E are those for the variable frequency 
filter and correspond to the center frequencies listed in the cali- 
bration specification. The smaller dial associated with each channel 
Is the gain control which allows strong signals to be reduced to an 
acceptable level for recording. An on/off switch is located at the 
bottom of the front panel and controls all electrical power to both 
the control unit and the preamplifier unit. A meter and a channel 
selector switch are located on the lower right hand corner of the 
front panel. The channels 1 through 5 correspond to the 1 through 
5 numbers on the preamplifier unit and the 1 through 5 numbers 
associated with each channel on the front panel of the control unit. 
Only 1 channel at a time can be selected for display on the meter. 
This meter is basically a setup tool and is not meant to be the 
main data source. 

3-3 BACK PANEL VIEW 

The bottom picture on page 5a shows the back side of the preamplifier 
box and the back panel of the control unit. The top connector is 
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the power to the preamplifiers and the returned amplified signal 
from the transducers. Immediately below the top connector are 5 
connectors for providing raw data recording from the preamplifier 
box. These are labeled inputs standing for inputs to the control 
unit. Immediately to the left are 5 connectors labeled 1 through 5 
outputs. These 5 connectors provide recording or scope connectors 
for the analysis of data after it has been processed through the 
variable frequency filters. These 5 connectors are the basic data 
recording outputs. In the bottom right hand corner is the AC 
or battery power input to the control unit. 

3- A EQUIPMENT DESCRIPTION 


The flight weight ultrasonic contact sensor leak detection system 
which was delivered to NASA (Figure No. 1) consisted of 5 ultra- 
sonic contact sensors, connected by coax cables 1 meter long to 
a signal conditioning unit containing 5 preamplifiers. The pre- 
amplifier box was, in turn, coupled to control unit containing 5 
tuneable filter subassemblies, 5 gain controls, 10 output jacks, a 
channel selector switch and a signal level meter. This deviates 
somewhat from the proposed flight configuration but provides a 
more suitable development tool. 

35 FLIGHT VERSION 

A typical flight instrumentation version of the ultrasonic contact 
sensor leak detection system would be as shown in the block dia- 
gram of Figure No. 2. The system would be capable of handling a 
number of contact sensors quas i -s imul taneously and would provide, 
on command, a serial digital representation of the sensor outputs 
at sequential frequency ranges as selected by the central processor. 

Each transducer would have its own preamplifier designed to raise 
the signal to a level suitable for multiplexing and avoid the prob- 
lems associated with switching of microvolt signals. The multi- 
plexer would scan all the transducers in sequence or could, on 
command, select specific transducers in critical areas for more 
frequent monitoring. 

The variable frequency filter receives the output of the multiplexer 
and band limits the signal over a narrow range with a center fre- 
quency determined by an external control voltage. This control 
voltage is generated by digital to analog conversion of the appro- 
priate bits in the command word received from the central processor. 
The timing and control section of the system also has the ability 
to generate a continuously variable control voltage when it is de- 
sired to analyze the full frequency spectrum. 

The output of the VFF is an analog voltage corresponding to the leak 
sound amplitude at the instantaneous center frequency. This voltage 
is then digitized and stored in the buffer register and transferred 
serially to the central processor. 
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The assembly that was delivered to NASA was manufactured with 5 
frequency filter assemblies and 5 gain controls so that continu- 
ous monitoring and recording can be performed on all ' channel s 
simultaneously. A signal level meter can be switched to any of 
the 5 channels and is used as a setup tool or as an individual 
channel monitor if recording is not desired (Figure No. 1.) 

The statement of work specified that the leak detection system 
could operate on either 15 or 30 VDC. A design goal was imple- 
mented by the Dynamatec Corporation to develop low power circuits 
and was successful to the extent that all system power for the 
unit can be supplied by a small battery. The un i t also has the 
capability of being powered by standard facility 120 VAC power 
during long duration tests. The flight configuration would inter- 
face with spacecraft power but 120 VAC or battery power was se- 
lected for the prototype unit since it simplified interfaces and 
provided a portable unit for test purposes. 

A complete sound measuring system (Figure No. 1) consists of the 
following components: 

1. Contact transducers responsive to sound conducted through 
the solid to which it is attached and having a much lower 
sensitivity to external sounds conducted through the sur- 
rounding medium. 

2. A signal conditioning preamplifier permitting a match to 
the transducer output and sufficient gain to drive following 
signal processing circuitry. 

3. A manual or automatic gain control to limit the input to 
the filter to an approp r i ate level . 

4. A bandpass filter with controllable center frequency, the 
frequency control may be either switch selected or contin- 
uously variable via a remote control voltage. 

5- A buffer or i sol at i on ampl i f i er providing additional gain 
and a low impedance output to drive a recorder or external 
displays. 

6. A meter drive circuit and indicator to display the relative 
level of the sound signal. Description of the individual 
circuits are given below. 

3.6 PREAMPLIFIER 

The preamplifier assembly contains 5 signal conditioning preampli- 
fiers and is shown in Figure No. 3- The transducer inputs are on 
Micro Dot connectors on the top plate, signal output and power are 
on a "D" connector on the same side of the Box as the inputs. The 



preamplifier circuit is a voltage ampl if ier used to increase the 
microvolt level output of the transducer to a level suitable for 
recording and processing. The load presented to the transducer 
allows good power transfer without excessive degradation of the 
frequency response by cable capacitance. The transistors used in 
this circuit are especially selected for high gain and low noise 
at a very lew col lector current. An output emitter follower isolates 
the circuit and provides a low impedance drive for the level con- 
trol and the frequency selection filter as well as external dis- 
plays or recorders through the BNC connector located in the control 
uni t (Figure No. k) . 

3.7 FILTERS 

Several active filter configurations were considered for use in 
the system. The requirement for variable frequency operation, 
especially remotely controlled frequency selection, led to the 
design of a modified multiple feedback bandpass circuit whose 
center frequency can be varied without affecting the overall gain. 

3 . 8 BUFFER AMP 

The buffer amplifier provides an additional 20 db of gain and 
serves to isolate the filter from external devices. 

3.9 METER DRIVER 

The meter driver can be switched to the output of any of the filters. 
It converts the signal to DC and is biased to conduct only after a 
predetermined threshold is reached. This prevents the inherent 
amplifier noise from deflecting the meter when no signal is present 
and the system gain is maximum. 

3. 10 TRANSDUCERS 

The design goal was to produce an ultrasonic contact sensor with a 
maximum weight of 7 grams. A number of transducer configurations 
were developed and tested. These ranged In weight from 2 grams for 
a transducer suitable for limited close range sensing to a 35 gram 
transducer that proved to be very effective in monitoring low 
pressure leaks into vacuum (typical of< Space Shuttle cabin leaks). 

The 35 grams transducer could be reduced somewhat in weight but 
could not meet the 7 gram goal due to the crystal size. 

A new flat contact sensor was designed for use in lightweight applica' 
tions. The configuration shown In Figure No. 5 allows close coupling 
to the equipment under test while keeping a high resonant frequency 
for the basic transducer. This provides good response over the fre- 
quency range of the leak detection system as well as reasonably high 
sensitivity. As shown in the schematic the piezoelectric crystal, 
of diameter and thickness determined by the required sensitivity 
and free resonant frequency, is bonded to the bottom plate of the 
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holder but unrestrained at the edges. The top of the crystal is 
backed by a material having a much lower acoustic propagation 
velocity than the crystal or the holder, such as foam or in some 
cases, air-. To keep the weight down as well as to minimize the 
height of the sensor, the cable is permanently attached to the 
holder. The transducer weight averages 3 grams while the cable 
and connector assemblies average 11 grams each. 



3.11 CONCLUSIONS 

In addition to the tests run at the Kennedy Space Center, numerous 
transducer and electronic development tests were performed in the 
Dynamatec facility. Tests were conducted on numerous valve seat 
configurations and tanks, pipes and fittings. From the results 
of the development tests and from the tests run at Kennedy Space 
Center, it appears that the ultrasonic contact sensor leak detec- 
tion system is a very effective checkout and refurbishment tool 
for use on the Space Shuttle program. It has been demonstrated 
that the system will work on low pressure systems as well as high 
pressure systems and is practical for applications down to 10 to 
the minus 2 standard CCs per second. As was stated earlier, it 
is not a one system leak detection unit for all applications since 
it will not compete with a mass spectrometer down to the zero 
leakage level and'it will not work as a hazardous gas detection 
unit. It is, however, a very effective tool and should be very 
beneficial in the checkout and refurbishment cycle for the Space 
Shuttle program. Applications have been identified for this system 
on the Rocketdyne Space Shuttle main engine valve and mounting 
pads are being designed into this engine. 

One shortcoming of the ultrasonic contact sensor system, if it can 
be called a shortcoming, is that one general transducer will not 
meet all applications. Since the leak detection criteria varies 
greatly between Internal valve seat leakages and external leakages 
in a large vehicle or pipe, it is advantageous and, in fact, neces- 
sary to design the transducer to each of these general applications 
if the 10 to the minus 2 standard CCs per second leak levels are 
to be obtained. 

The ultrasonic contact sensor system delivered to NASA was de- 
signed for general test and evaluation purposes and can be util- 
ized to provide the design information required for a flight 
system. For the flight system, the electronics would be modified 
and packaged in a more compact manner since spacecraft power and 
control would be utilized rather than the control unit furnished 
with the gear. The Dynamatec Corporation is continuing efforts 
in this area and is preparing the information necessary to fab- 
ricate a hybrid' ci.rcui t for flight utilization. This hybrid 
circuit would contain the electronically controlled variable fre- 
quency filter and the necessary interface electronics to accept 
timing from a central timing source and to identify the data 
being sent to the data bus or central processor. A variable fre- 
quency filter was not a requirement of the Phase III contract but 
since it seemed that thi s system was necessary to achieve the 
final flight goals, the Dynamatec Corporation included a variable 
frequency filter, in the deliverable hardware. - 



In addition to the applications on the Rocketdyne Space Shuttle 
engines, it is apparent from discussions with North American 
Rockwell personnel that it also has many potential applications 
on the space vehicle itself. Since the design goal of a 7 gram 
transducer was accomplished, in fact, lowered to a 5 gram trans- 
ducer and since the electronics can be manufactured in hybrid 
circuits, an ultra light detection system is available for 
utilization on the Space Shuttle program. Preliminary estimates 
indicate that a 1 or 2 ounce total electronic and transducer system 
can be manufactured excluding cable weight. This would consist 
of a number of transducers, a similar number of preamplifiers, 
a hybrid chip consisting of a multiplexer, variable frequency 
filters and timing and data output circuits. 

The next step in the application of the Dynamatec ultrasonic 
contact sensor system Is to interface with the concerned con- 
tractors and their NASA counterparts to identify all potential 
applications of the leak detection system and to prove by labor- 
atory and component testing which applications are truly justified 
for the flight vehicle. It appears that the time saved in check- 
out, the time saved in refurbishment and the trend or failure 
analysis data obtainable from such a system would make it a very 
worthwhile flight item. 



APPENDICES . 

TEST REPORTS % ! v 

SIMULATED SPACE CABIN LEAK- DETECT I ON TEST 


INTRODUCTION 

On March 30, 1972, a simulated low pressure cabin leak detection test 
was conducted at the Kennedy Space Center. The test was conducted in 
one of the laboratory altitude chambers in the MSO building by the 
Dynamatec Corporation of Cocoa Beach, Florida. The test was per- 
formed under Contract NAS 10-7803 - Study to Develop Improved Methods 
to Detect Leakage in Fluid Systems - Phase III. 

Test Objective 

The test objective was to determine if the ultrasonic contact sensor 
leak detection system being developed for NASA, KSC could be utilized 
for space cabin leak detection. The ability of the ultrasonic contact 
sensor system to detect low pressure space cabin leakage was not a de- 
sign objective of the Phase III contract. It is being designed for 
leak detection of leaks in the 60 psi (1*20 kN/m^) and above ranges but 
laboratory tests indicated it would also be effective at lower pressures 

A secondary test objective of the altitude chamber test was to demon- 
strate the capability of the ultrasonic contact sensor to detect higher 
pressure leaks in a typical spacecraft tank or piping system. 

Test Setup 

The test was performed in a Tenney thermal altitude chamber located 
in the NASA laboratories at the Kennedy Space Center. The test speci- 
men was a thin walled steel pressure tank with a wall thickness of 
0.0625 inches (1.6 mm). A valve is the top of the tank was left in 
the open position with a flex hose attached to the tank and to a bulk- 
head fitting through the chamber wall was attached to a 0 to 2b psi 
(0 to I 65 kN/m^) absolute pressure gauge and to two valves. One valve 
was used as a vent valve to allow air to enter the tank and a second 
valve was coupled to a vacuum pump which allowed the tank to be evacu- 
ated while it was in the altitude chamber. For the higher pressure 
leak detection tests in the altitude chamber, a nitrogen bottle was 
connected In place of the external vacuum pump (Figure No. 6). 

The sample leak was generated by using a No. 80 drill. This produced 
a 0.0135 inch (0.3k29 mm)- diameter hole. 

Two Phase III prototype transducers were attached to the tank wall with 
magnets. To assure good contact between the flat bottom transducers 
and the curved tank, an acrylic filler paste was utilized. The trans- 
ducers were located at a distance of k5 cm from the leak. This was 



the greatest distance that could be achieved with the diameter of tank 
being utilized. The transducer cables were coupled to bulkhead con- 
nectors in the chamber wall and. the prototype electronics were located 
exterior to the chamber. Total cable length was approximately 1.8 
meters between the electronics and the .transducer. 

Testing 

Testing consisted of evacuating the chamber to a simulated altitude of 
60,000 meters and then utilizing the external vacuum pump to evacuate 
the test tank. Following the evacuation of the test tank, the valve 
to the vacuum pump was closed and the vent valve was then utilized to 
increase the pressure in the test specimen as readings were. taken wi th 
the contact sensor leak detection system. To provide a comparison be- 
tween sea level and altitude readings, tests were conducted with the 
altitude chamber door open. Normal atmospheric tests have previously 
been conducted in the Dynamatec Corporation laboratory and the tests 
performed with the altitude chamber door open duplicated the laboratory 
results. Delta Ps as low as 1 psi (6.9 kN/m 2 ) provided strong signal 
readings from both transducers at sea level. 

Test Results 

The test results were plotted on Figure No. 7- With the same tank, the 
same hole and the same transducers it can be noted that while less than 
a Delta P of 1 psi (6.9 kN/m 2 ) was necessary at sea level, it required 
approximately 9 psi (62 kN/m 2 ) Delta P when a hole is vented to the 
60,000 meter equivalent altitude chamber pressure before a signal was 
present. The signal strength increased rapidly for pressures above the 
9 psi (62 kN/m 2 ) Delta P readings and as can be seen from Figure No. 1 
a Delta P of 1^ psi (97 kN/m 2 ) created a very strong signal. It was 
necessary to increase the pressure before a detectable signal was ob- 
tained from a smaller leak, created by partially closing the No. 80 
hole. A third test was conducted in the altitude chamber which con- 
sisted of slightly cracking a pipe fitting at the top of the test tank. 
From the pressure built up in the altitude chamber with the chamber 
pumps shut off, it is estimated that the cracked fitting leak was 
approximately equivalent to the No. 80 hole. This leak generated a 
much stronger signal which is attributed to the path that the gas 
molecules had to take prior to entering the altitude chamber. While 
the gas molecules escaped directly Into the chamber through the No. 80 
hole they were required to pass over a number of threads prior to es- 
caping from the cracked fitting. 

An interesting side note to the test was that the transducers were not 
affected by the altitude chamber pumps neither at sea level or at alti- 
tude. Since the pumps were located in close proximity to the tank and 
since the tank was connected to the chamber wall by plumbing, this pro- 
vided a very encouraging background Interference test. 
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Conclusions 

It can be concluded from the test results that the ultrasonic contact 
sensor leak detection system can be utilized for space cabin leak de- 
tection for Delta Ps above 9 psi (62 kN/m2). Since the Space Shuttle 
cabin is to be pressurized in the 14 psi (97 kN/m 2 ) range, this would 
be an effective tool for detecting leaks ranging from somewhere below 
0.0135 inch (.343 mm) diameter and upwards. To establish the full 
capability of this instrument, a more elaborate chamber test is required. 

It also can be concluded that the ultrasonic contact sensor leak detec- 
tion system is an effective tool for leak detection in higher pressure 
plumbing systems such as those to be utilized on the Space Shuttle. 
Further altitude chamber tests are planned on the high pressure system 
to demonstrate the capability of the Instrument to meet design objectives 



Altitude Chamber 







Environmental Test On the Dynamatec 
Ultrasonic Contact Sensor Leak 
Detection System 


On July 11, 1972, three ultrasonic contact sensors were tested in the 
Tenney altitude chamber at KSC at temperatures ranging down to -68 
degrees Centigrade. The three transducers were mounted on a Marotta 
valve Model MB fk. This is an electrical solenoid valve with three 
flow passages. For the test, the leak was established by manually 
adjusting the seat to allow nitrogen to leak through. The purpose 
of the test was to establish what, if any, drop in signal level would 
be received as the temperature chamber was reduced. A constant flow 
was established through the valve seat and readings were taken at 
ambient temperatures in steps ranging down to -68 degrees Centigrade. 

The valve assembly was allowed to cold soak at various steps of the 
procedure to assure that the temperature had stabilized throughout the 
valve body and transducer assembly. i 

One of the transducers utilized for this test was a model of the deliver- 
able unit and the second was a larger transducer used as a standard. 
Following the completion of the environmental temperature tests with 
the temperature at -68 degrees Centigrade, the chamber was evacuated 
to an equivalent altitude of 5^,000 meters. All of the tests indicated 
that both transducers were capable of operating down to the lower 
temperature limit capability of the altitude chamber or in the -100 
degree (-70° C) Fahrenheit range. Some signal level changes were 
noted as the temperature was lowered, but appeared to be caused more 
by changing characteristics of the valve seat than in the sensing capa- 
bility of the transducers. These changes were of a minor nature and 
would not affect the leak detection capability of the ultrasonic 
systems. When the chamber was taken to altitude, there was a major 
Increase In the signal level which was caused by a greater delta P 
across the valve seat. This one atmosphere of delta P increase was a 
major change to the basic ^0 psi (275 kN/m2) nitrogen pressure on the 
valve thereby greatly Increasing the leak rate and the signal strength. 

Following the cold soak and altitude chamber tests, a fourth transducer 
was attached to the ultrasonic contact sensor electronic package and 
the transducer was then lowered into a liquid nitrogen bath. This was 
a severe shock treatment which would not normally occur due to the 
time lage associated wi th cryogenic temperatures penetrating a valve or 
pipe wall. However, the transducer was not affected in any way. The 
transducer was dropped from a temperature of approximately 76 degrees 
(2 A. 4° C) Fahrenheit to a temperature of -320 degrees (-196° c) Fahren- 
heit by completely submering it In liquid nitrogen; therefore, it is 
felt that under normal operating conditions the transducer is capable 
of being used below these temperatures. The prototype transducers 


produced during the Phase II contract were utilized on their. liquid 
hydrogen lines by the exact temperature at the transducer case was 
not known. The test setup was not conducive to a signal level test at 
the liquid nitrogen temperature but a general sensitivity test was 
conducted immediately upon withdrawal of the transducer and little, if 
any, sensitivity loss was noted. A more elaborate cryogenic test 
setup on typical spacecraft valve is required to fully evaluate the 
potential of the Ultrasonic Contact Sensor Leak Detection System, but 
the tests run in the KSC altitude chamber and with the liquid nitrogen 
bath indicated that low temperature operation is practical for this 
system. 
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